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ABSTRACT 

The purposes of the program are outlined. The fundamentals of the 
ultrasonic welding process are briefly presented. Ultrasonic welding equip- 
ment of the types and sizes relevant to this program is described» Problems 
encountered in the resistance welding of electron-tube mounts are discussed, 
and compared in kind with ultrasonic welding. Progress in material procure- 
ment, as well as in tooling and testing for the weld-study task, are re- 
ported. The component assembly sequences of three electron tubes, together 
with accompanying cataloging of welds, are shown. 

ii 
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PIEPOSES 

The objectives of this Production Engineering Measure (PEM) are tos 

ie  Demonstrate the capability limits of ultrasonic welding to join combina- 
tions of metallic materxala of interest to the electron-tube industry. 
This part of the work will be limited in that it will not continue ex- 
haustive attempts to weld those combinations which might prove particu- 
larly difficult to join. 

2. Analyze the welding requirements for three specific electron tubes. 
The three tube types selected are the Type öOBOWBj ^BlUWB and 6205. 
These ware selected by the U, S. Army Electronics Materiel Agency 
because they are widely used in military equipment, and have a record 
of failures due to improperly welded joints. 

3. Prepare fixturing and tooling for the specific electron tubes, so that 
ultrasonic welding may be used in the manufacturing process. 

h»      Weld the parts required to assemble electron-tube mounts for the three 
tube types, and evaluate, 

5«  Build production ultrasonic welding equipnent which will enable an 
electron-tube manufacturer to make the welded connections in a broad 
range of electron-tube types. 

6,  Install the ultrasonic welding equipment in a production company, 
and produce on a pilot basis with that company's personnel, a limited 
lot size of each of the three tubes for subsequent evaluation in ac- 
cordance with applicable military specifications. 
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NARRATIVS AND DATA 

THEORY OF DLTRASOWIC mDING 

The mechanism of ultrasonic welding is not completely understood 
(ls3sU)*o However^ fundamental research has described some of the phe- 
nomena which occur during the operation of the technique. All welding 
processes are based upon the fact that metal atoms with unsatisfied elec- 
tron structure are capable of bonding to other atoms if they are brought 
into contact» If two absolutely smooth, clean metallic surfaces are 
brought togethers the unsatisfied electron structure of the atoms of both 
surfaces will join to create a true metallurgical bondo 

Ordinary metallic surfaces are prevented from forming such true metal- 
lurgical bonds because of surface irregularities,, the adhered moisture 
layer, and the oxide filirij which are illustrated in Figure 1« A super- 
finished surface normally has irregularities that average about 200 atomic 
layers in depth» The strong attractive forces of the surface metallic 
atoms attract and hold oxygen molecules from the atmosphere surrounding 
the surface, reacting to form, oxides. At thicknesses of approximately 
200 molecules, the oxide films are crystalline, and have surface molecules 
with unsatisfied bonds like the atoms of the free metallic surface. The 
metallic oxide molecules exert only weak attractive forces upon symmetric 
molecules such as oxygenj but somewhat stronger forces upon asymmetric 
molecules such as water vapor. Therefore, a film of condensed adsorbed 
moistures never less than two or three molecules thick, is formed on the 
oxide metal surface» These barriers prevent contact between atoms with 
incomplete molecular shellsj and must be removed to create a welded joint. 
The ultrasonic welding process causes a large contact area between nascent 
metal surfaces by plastically deforming the interface between the work- 
pieces so that the adhered moisture and oxide films are dispersed^ and the 
irregular surfaces are made contiguous» 

A supplementary phenomenon in the ultrasonic welding process is a 
temperature rise resulting from the elastic hysteresis of the highly 
stressed portion of the weld -zone. Laboratory investigations show that 
the maximum transient temperature at the weld interface in a monometallic 
joint is between 30 and 5>b percent of the absolute melting point of the 
metal« Since this temperature rise is highly localized,, there is only a 
small temperature rise in the weldment. The temperature rise in the weld 
zone does temporarily Increase the ductility of the metal., and promotes 
plastic deformation.0 

* Numbers in parenthesis refer to references listed at end of report. 
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Another phenomenon is plasticization from the high-frequency mechani- 
cal vibration per se. When the stresses resulting from the clamping force 
and the super-imposed vibration reach the elastic limit of the material 
being welded., the material near the interface will undergo plastic deforma- 
tion. The block diagram,, Figure 2, summarizes the foregoing theoretical 
model of the ultrasonic welding process« 

These facts merely outline some of the fundamental aspects of the 
ultrasonic welding process. More detailed study of the mechanism of ultra- 
sonic welding;, including the concepts of maximum supportable lateral shear 
stress and interfacial micro slip, are reported elsewhere Cii). 

M.TRASONig WELDING EQUIPMENT 

Welding is accomplished by clamping the workpieces between a sonotrode, 
or active tip, and an anvil, so that the material experiences the stresses 
resulting from the clamping force and the super-imposed vibration of the 
sonotrodet, The heart of all ultrasonic welding equipment is the transducer- 
coupling system which converts electrical energy to vibratory energy and 
delivers it to the weldment« Commercial equipment utilizes magnetostric- 
tive transducers wherein elastic vibration comes from the rapid expansion 
and contraction of laminated nickel under the influence of a high-frequency 
alternating magnetic field» These elastic waves travel along the coupler 
to the sonotrode tip which contacts the workpieces« The sonotrode tip ex- 
cursion is parallel to the surfaces of the weldment, and induces a shear 
mode of vibration Into the workpieces« 

The initial phase of this program will be carried out on available 
models of the lOO-watt,, 600-watt and k-'kw ultrasonic welders which are 
similar to the commercial welders shown in Figure 3« Each piece of equip- 
ment consists of an ultrasonic welding unit and properly matched power 
source« Each welding unit incorporates a transducer-coupling tip assembly, 
an anvil or work support for the workplace, force-application system, timing 
device., and essential controls« The transducer-coupling systems are sup- 
ported by unique force-änsensitive mounts, which minimize energy loss to 
the supports, and insure constancy of operating characteristics under high- 
clamping forces. nScrew~onn welding tips for the two smaller units permit 
simple tip interchangeability«  On the it-kw machine, the sonotrode tip is 
attached with a braze joint. The anvils on all machines are removable for 
substitution of special-purpose tooling and fixturing by removing several 
standard machine bolts« The stroke on the 600-watt welder is variable to a 
maximum of 1-1/2 inches, and the Ij-kw unit stroke to a maxirattm of 3-1/2 inches 
by turning a screw adjustment. 

Operating controls for ultrasonic welding machines are simple and 
easily understood. Quality welding is accomplished with adjustments in 
only three machine settingsä power, clamping force, and weld time« Pre- 
viously established machine settings can be reset by relatively unskilled 
personnel. 
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Dials on the power source provide easy means for duplicating power 
level settings previously established as satisfactory. 

Clamping force, which secures the weldment members in position and 
insures good coupling of vibratory energy into the weldment, is applied 
hydratilieally or with mechanical springs» The clamping force devices are 
calibrated for reproducibility. Clamping force requirements for welding 
various metals and thicknesses may vary from several grams with the small 
welder to 1200 pounds with the larger unit. 

The duration of the spot-weld interval is controlled by standard 
adjustable electronic timers« Weld times usually vary from 0.1 second 
to about 1,5 seconds» 

For standard manual operations the complete welding cycle is iniated 
by depressing a foot switch. The welding tip clamps the workpiece9 the 
ultrasonic welding pulse fires when the proper clamping force has been 
reached,, then the welding tip retracts and the circuitry resets for the 
next operation= It is a simple matter to rearrange the control circuit 
so that all welding operations are initiated by automatic mechanical 
handling devices, and an automated production process is obtained. 

A range of materials and thicknesses can be joined by the same welding 
machine by varying the combinations of power, clamping forces and weld time. 
The size of the welder, however, must be compatible with the application to 
permit the best control over the process. 

The equipment fits easily into production lines because of the low-» 
power requirements^ portability, and the ease with which the power source 
may be remotely located from the welding head« 

miIimG^_OBI£MS_TN THE EIECTRON-TUBE INDUSTRY 

Resistance welding is the principal manufacturing process employed in 
the electron-tube Industry for the welding of components. Resistance 
welders are relatively low in costj and by virtue of use-familiarity by 
manufacturing personnelj have acquired industry acceptance over the years. 

Despite the acknowledged usefulness of the process., resistance welding 
is known to have a number of intrinsic deficiencies» It is one of the 
prime purposes of this investigation to consider these deficiencies in the 
light of rectification by the use of ultrasonic welding. The Isolation 
below of some of the reported welding problems within the electron-tube 
manufacturing industry is not in any way intended as a condemnation of a 
well-accepted manufacturing technique» 
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The reproducibility of resistance welding is affected by the surface 
resistivity between both the materials themselves, and the welding tips 
and the materials 0 Factors which bear upon surface resistivity are mate- 
rial cleanlinessj welding jaws pressurej, and welding tip condition.  It is 
recogniaed that extreme care in material cleaning is exercised within the 
industry, to insure proper electron-tube performance» Nevertheless^ the 
circumstances of ordinary storage and handling of electron tube parts can 
produce variations in surface conditions which markedly influence both 
welding quality and reproducibility. 

On the other hands ultrasonic welding does not demand critical sur- 
face cleaning of materials;, since no electrical conductivity is involved 
and the vibratory displacements which occur during the welding process 
disrupt the surface films. The normal cleaning processes and handling 
procedures currently practiced to maintain electron-tube quality should 
be adequate for the ultrasonic method.  As far as reproducibility is con- 
cerned., it has been reported that production yields for ultrasonic welding 
have been wbeyond reproach1' (2). 

An additional problem with resistance welding is the necessity for 
welding-tip refurbishment at frequent intervalSj so that a contact condition 
which will reproduce quality welds can be maintained. Ultrasonic welding 
tipSj, however,, are generally made from hardened tool steely and have a more 
or less indsfinite service life under many conditions. It is expected., 
therefore j, that welding tip maintenance in ultrasonic welding will not 
present serious problems« 

Within the electron-tube industry,) components are designed to locate 
properly each to the other j, or to be "self-jigging." As a resultj, they 
can be welded with a minimum of fixturings with the operator locating the 
work in the welding jaws by sight,  ultrasonic welding dictates that work 
be more carefully located, in relation to the welding tip, requiring more 
extensive although uncomplicated locating fixturing. 

It is difficult to resistance weld materials with comparatively high 
coefficients of electrical or thermal conductivity, such as aluminum,, 
copper, silvers etc. And when welding dissimilar metals and/or dissimilar 
thicknesses, such variables are difficult to bring under proper control. 
If the magnitude of electric current is not regulated properly, for in- 
stance, welds wi]l be bumeds or insufficiently fused,  ultrasonic welding 
is not restricted by such factors, since no electrical current is required. 
The technique Is affected when joining dissimilar metals^ however, by the 
relative hardness of the materials to be joined (h)°    Welding becomes more 
difficult, to accomplish as the difference in the hardness of the materials 
becomes greater» Differences in geometriess, such as welding wire to flat9 
may accentuate the effect of the hardness difference» For examples the 
influence of vibratory energy will tend to embed a hard wire into a soft, 
flat material and not form a bond. 
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The sparking and spatter which is common to resistance welding fre- 
quently burns operators11 clothing, and cracks glass parts. More impor'- 
tantly^ it creates small metal particles which temporarily adhere to the 
assembly;, subsequently floating and short-circuiting the tube during op- 
eration« Ultrasonic welding creates none of these problems» 

Deformations in the order of 35 percent are characteristic of resis- 
tance welding» In flat materials., ultrasonic welds have deformations of 
less than % percent» Wire-welding deformations mayj however, approach 
those of resistance welds» 

Resistance welds have cast structures, often with oxide inclusions, 
which increase resistance and produce br-lttleness»  On the other handj 
ultrasonic welds are solid-state metallurgical bonds (l), creating no sub- 
stantial change in properties in the parent metal» Significant increases 
in shock resistance and lower joint resistivity have been reported by 
industry users (2), The difference between an ultrasonic weld and a re- 
sistance weld is dramatically illustrated in Figure k3  which shows an 
ultrasonic weld in 0,0f?0-inch-thick Alclad aluminum alloy and a resistance 
weld in similar material 0»OUO-inch thick» Contrast the cast zone of the 
resistance weld with the solid-state bond of the ultrasonic weld» 

Resistance welding usually requires the joint area to be heated to 
the melting temperature of the materials« Such heat requirements will 
frequently distort components, and because of the precise clearances in 
tube parts, will reduce manufacturing yields. Although there is a local 
temperature rise in ultrasonic welding, the increase is seldom sufficient 
to distort workpieces. 

Atmosphere protections by such techniques as flooding the weld area 
with hydrogen or by Immersing the parts in carbon tetrachloride are neces- 
sary to prevent some material combinations from oxidizing during resistance 
welding» Such measures are not often requisite with ultrasonic welding« 

Since ultrasonic welding uses vibratory rather than electrical energy 
to produce a weld,, it is considered a new manufacturing tool. As with any 
new process, it will take a considerable time period before manufacturing 
personnel can become familiar with and fully understand its complete range 
of capabilities and advantages. It will be necessary also for designers 
to become conversant with the method, so that they may extend their designs 
by utilizing the -potentials of the new technique» Further extensions in 
the ability to weld dissimilar metals, dissimilar thickness, and very-low- 
thickness materials will doubtless prove advantageous in the electron-tube 
manufacturing Industry« 

Ultrasonic welding has already demonstrated srecific advantages in 
metal joining» Two problems which may be involved in the use of ultra- 
sonic welding equipment are weld-area accessibility to the sonotrode (the 
active welding tip), and fixturing to hold work in proper relationship to 
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the sonotrode. As the welding tip is part of an acoustical raembers its 
size and shape cannot be changed at will,, underlining to some degree the 
factor of accessibility« 

WEIDING STUDY 

The program specifies the welding of metal combinationd shown in 
Figure 59  (metals commonly utilized in electron-tube manufacture), and 
evaluating the welds in accordance with pertinent provisions of MIL-W-6858» 
It is apparent that the range of materials is of sufficient scope to in- 
clude easy-to-welds and difflcult-to-weld combinations. In conformance 
with the requirements of the work, this phase of the program must of neces- 
sity be limited., since the over-all objective is the building and installa- 
tion of ultrasonic equipment for production manufacture of electron tubes. 
Material combinations proving difficult to weld with normal expenditures 
of time and effort will not be pursued further. Test specimens are to be 
of lap-joint configuration, and will include attempted junctions in 51 ma- 
terial combinations. In each combination, wire sizes of 0.0003-inch diam- 
eter and 0,060-ineh diameter will be welded to 0,060-inch flat sheet mate- 
rial. Material gages of wires and flats are to be to the nearest commer- 
cially available sizes. 

Tensile»shear strength data will be compiled on all specimens which 
are welded successfully. The procedure for the other tests to be performed 
on these weldments is being altered and will be included in the next report. 

Activity within this study will fall into the following classifica- 
tions s 

l«. Material Procurement 
2,, Tooling (testing and welding fixtures) 
3 ■ Welding 
It, Welding Evaluation, 

I.  Material Procurement 

Time-consuming procurement difficulties were encountered in securing 
wire and flat sheets in the sizes stipulated, particularly the wire as 
close to 0.0003~inch as possible. The limited quantities required, plus 
the fact that the program could not underwrite the cost or time delay of 
specially processed materialSj were factors contributory to purchasing 
road-blocks» Delivery of the bulk of the materials was not made until the 
end of this report period, so no real welding effort was begun within the 
period« 

Cost considerations led to the establishment of a welding plan wherein 
more than one weld joint will be made upon a single specimen coupon, set up 
to measure 1 inch x 3 inches. Materials which could not be cut or sheared 
with equipment available in our facility were ordered cut to size. 
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Table 1  shows the wire  size  quotations  secured from 18   suppliers, and 
the companies from whom the wire was utimately ourchasedo    Table  2 suinma= 
rlaes the  sizes of the small-diameter wire which will be used in the program. 

It  is not at all unlikely that additional problems  in the  use of small 
wires may arise as the welding tests begin»    An example  of the type of dif- 
ficulty met was the  receipt of 0.0003™inch silver wire with a copper cladding 
too thick to be removed by a feasible etching process..    Attempts are being 
made to  secure a new suitable shipment of silver wire» 

The specific  "mild steel" material procured was? 

Oo062-inch flat,  CRS, 1010,  annealed 
0„062-inch diameter wire;, bright basic wire C-1010 
0,0015-inch diameter mild steel wire,   .O^G 

The specific  "stainless steel" material procured wass 

0,062-inch flat,  type 302,  annealed 
0„062-'lnch diameter wire, type 301;,  annealed 
0„001-inch diameter wire,  type 302<,  annealed 

Identification,   storage,  and control of the many material combinations 
without error is essential,    A technique utilizing small-compartment storage 
cabinets was established, and such cabinets purchased, 

2.       Tooling for Wires to Flats 

The tooling for the welding study can be  classified as;     1,    testing 
fixturesj,  2,    welding fixtures. 

The actual parent-metal strengths of each wire size and material have 
to be determined to provide  a basis for evaluating the  strength of the 
welded joints«    The welded joints must also be tested in tensile shear« 
This is done  on an Instron testing machine,   shown in Figure 6,  which has a 
wide range of load and pulling-rate ability,  together with providing an 
automatic record of the values obtained.    Fixtures are  designed and con- 
structed for use with the Instron machine to test the strength of the wires 
and the welded joints.    Standard fixtures did not appear to be practical, 
especially for brittle  wires. 

The  small-diameter wires were divided into groups  of high and low 
strengths.    The small-diameter low-strength wires were tested using com- 
mercial  jaws with a 50-grara load cell as shown in Figure 7. 

Small-diameter high-strength wires  require specially designed jaws 
as  shown in Figure  8,    The tightening screws in the upper and lower jaws 
are located to provide  a progressive gripping of the wire,   and to prevent 
indentation or high-stress areas which would give  inaccurate  failure values. 
In addition,  heavy hard paper was used between the  jaws  and the wire to 
eliminate slippage. 
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Jaws for tensile testing the 0.060-±nch«diaTneter wires were made as 
shown in Figure 9,  with the  same arrangement used for progressive gripping. 
Howevera   these  jaws are  grooved to obtain better wire contact with minlmuin. 
deformation» 

The  lower  jaw shown in Figure 10 was made  to hold the wire-to-coupon 
weldments for  tensile-shear testing.     This  jaw design will permit testing 
welded joints that are  side by side on the  same   coupon.    The upper jaws for 
each of the wire-strength classifications will be the same as those listed 
above for the parent-metal wire  strength determinations. 

A welding fixture for use  on the  U-kw and the 600-watt welders is 
shown in Figures 12 and 13»    The parts must be held without movement during 
welding on these higher-power machines^     In addition,  it  is necessary to 
locate the wire accurately in relation to the  sonotrode tip,   so that the 
energy distribution is  symmetrical. 

It  is possible that no  special fixturing will be required for weld- 
ments using the  small-diameter wires.     Testing to determine the extent  of 
tooling for these welds was  started at  the end of this report period. 

Welding will begin at the  start of  the next report oeriod,  as most of 
the materials   was   not  received until  the  end of this report period. 

h»      Welding Evaluation 

Actual parent-metal strengths of  the wires were determined on those 
wires which had been received»     The results of these tests are shown in 
Table 3»    The values  shown are  the average  of testing three specimens of 
each item. 

ELECTRON-TUBE STUDY 

Chatham Electronics, Division of Tung-Sol Electric Company, Livingstons 

New Jersey, was  selected to assist Aeroprojects  Incorporated in completing 
the program.    Their work will  involve the evaluation of ultrasonic welding 
applicable to  electron-tube manufacture.     Chatham personnel visited Aero- 
projects  Incorporated,   and agreement was reached on a sub-contract which 
will be  executed in  the beginning of the  next  report period. 

Conflicting vacation schedules and plant  shutdown prevented actual 
liaison  with Chatham until  the early part  of August, 

fcronics as the Mr,  Norman Helmstetter was  selected by Chatham Elect] 
engineer responsible for coordinating Chatham's  activities in this 
program. 
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Tung-Sol manufactures the three tube types selected for this programs 
Type 6060WB at Chatham, Type 620^ at Washington, New Jersey, and Type 581UWB ■ 
at Bloomfieldy New Jersey. Although these tubes are manufactured at several 
locations, all ultrasonic welding will be done at Chatham using electron- 
tube parts obtained from their production operations and., where possible, 
processed under present production conditions« 

The three tube-production lines were visited, and manufacturing prob- 
lems discussed with engineering personnel. Sane of the problems mentioned 
heretofore were defined during these visits. 

Drawings and pilot narts for the three electron tubes were obtained 
from Chatham. These oarts have been set out in their assembly sequence 
as shown in Figures lit, .15> and 16. Welds have been cataloged as shown in 
the accompanying legends in Tables U, 5 and 6. 

Mechanical strength is the main criterion of welding in these particu- 
lar electron-tube tynes. Visual inspection and occasional testing by pulling 
with tweezers are the only weld checks made during production.  After com- 
plete assembly and evacuation, the electron tubes are 100-perceni; electrically 
tested under a statistical sample plan for vibration and shock.  An indication 
of the manufacturing problems presented by welding is shown in Table 7. These 
numbers are obtained from comnleted electron tubes only, and do not include 
those joints which had to be reworked, and which did not reach final assem- 
bly and inspection. 

In the next report period, the welding sequences herein described will 
be analyzed so that the assemblies can be resequenced for ultrasonic welding. 
No electron tube redesign is contemplated. Change of component position is 
limited by potential short circuits and changing capacitance or resistance« 

After such study, tools and fixtures will be made to ultrasonically 
weld the actual electron-tube components, and welding will be attempted 
wherever practical. As work progresses with these electron tubes in con- 
tinued liaison with Chatham,, more understanding of electron-tube welding 
problems will be gained, and the contribution of ultrasonic welding more 
fully exploited. 

10 
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CONCLUSIONS 

This program has not advanced sufficiently for categorical statements 
to be made regarding the degree of contribution which ultrasonic welding 
may make to better performance and extended service life of electron tubes 
by means of improved welds. However, prior investigation coupled with 
initial activities within this program currently indicate that such a con- 
tribution may be made« It is further suggested that the ultrasonic welding 
process and equipment are adaptable to electron-tube production manufacture, 
with attendant advantages. 

PROGRAM FOR THE NEXT REPCRTING PERICD 

The weld-study phase of the program will be continuedj and welding of 
the various metal combinations will be initiated. Successful welds will be 
evaluated. The three selected electron tubes will be reviewed for the ap- 
plication of ultrasonic welding, and specialized tools for such welding 
will be designed and built. 

11 
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. PLASTIC  DEFORMATION 

1.   DISPERSES   ADHERED 
FILMS 

2   DISPERSES   OXIDE FILMS 
S. PROVIDES  GREATER  AREA 

of SURFACE  CONTACT 

MECHANICAL 
OSCILLATING   STRESSES 

1 TENSION 
2 COMPRESSION 
3 SHEAR 

1 
ELECTRICAL CONVERTED by 

th« WELDER -► 
METALLURGICAL 

ENEMV          • ■■    EhERdV          * BOND 

J 
A 

ELASTIC   HYSTERESIS 
(TEMPERATURE   RISE 
SOU to SO% ot MELT- 
ING   POINT) 

1 
THERMAL 

PLASTICIZATION 

1 J 

Figure 2 

BLOCK DIAGRAM OF THE  ULTRASONIC WELDING PROCESS 
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A E R O P R O J E C T S I N C O R P O R A T E D 

100-watt welder 

33:» 

\ S| 

600-watt welder 

mm 

h-kw welder 

Figure 3 

COMMERCIAL ULTRASONIC WELDING EQUIPMENT 
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A E R O P R O J E C T S I N C O R P O R A T E D 

B 

A. Typical Micros t ruc tu re of U l t r a son ic Weld i n 
O.O^O-inch 202lj-T3 Alclad Aluminum Al loy 

B. Tyoical Micros t ruc tu re of Res i s tance Spotweld 
i n O.OliO-inch 202ii-T3 Alc lad Aluminum Alloy 

Figure U 
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~1 
AEROPROJECTS      INCORPORATED 

Cu kVL Mo Ni Re «8 
Mild'tain- 

Steel less Ta Ti W 

Cu X X X X X X X X X X X 
Au X X X X X 

Mo X X X X X X X 
Ni X X X X X X X X 

Re X X X X X 

Ag X X X 
Mild 
Steel X X 
Stair 

Ste 
less 
el X X X X 

Ta X X X 
Ti X X 

W X 

Figure 5 

SIMILAR AND DISSIMILAR METAL COMBINATIONS REQUIRED 

TO   BE    ULTRASONICALLY WELDED  UNDER THE PROGRAM 
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A E R O P R O J E C T S I N C O R P O R A T E D 

Figure 6 

INSTRON TESTING MACHINE 
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A E R O P R O J E C T S I N C O R P O R A T E D 

-Lower Jaw 

Figure 7 

JAWS FOR TENSILE-TESTING FINE, LOW-STRENGTH WIRES 

50-gram Load Cell 

Upper Jaw 
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AEROPROJECTS      INCORPORATED 

10,000-lb Load Cell 

Upper Jaw 

Hard Heavy Paper 

—Lower Jaw 

Figure 8 

JA-WS FOR TENSILE-TESTING FINE,  HIGH-STRENGTH WIRES 

A<B assures progressive gripping without indenta- 
tion on the  "B" side. 

19 



AEROPROJECTS       INCORPORATED 

10,000-lb Load Cell 

Upper Jaw 

Body and Cover 
Grooved to 
Receive Wire 

Lower Jaw 

Figure 9 

JAWS FOR TENSILE-TSSTING 0.060-INCH DIAMETER WIRES 

A<B provides progressive gripping 
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AEROPROjeCTS      INCORPORATED 

Weld 

50-gram or 10,000-lb 
Load Cell, as 
Applicable 

Upper Jaw 

Tested Wire 

Step on the Lower 
Jaw Body 

Plate 

Lower Jaw 

Figure 10 

JAWS FOR TENSILE-SHEAR TESTING  OF SMALL-DIAMETER 

HIGH-STRENGTH WIRES WELDED TO COUPONS 

(For fine, low-strength wires, upper jaw from 
Figure 7 will be used.) 
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AEROPHOJECTS      ] IM C O R P O B A T E D 

10,000-lb Load Cell 

Figure 11 

JAWS FOR TENSILE-SHEAR TESTING 

0.060-INCH WIRES WELDED TO COUPONS 

(Upper jaw from Figure 9) 
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AEROPROJECTS      INCORPORATED 

1 

Formica Locating 
and Restraining 
Cover 

Adjustable 
Base 

Transducer 
Couplers 

Sonotrode 
Tip 

Formica 
Plate 

Copper Anvil 

Figure 12 

WELDING FIXTURE ON U-KW SPOT WELDER 
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AEROPROJECTS      INCORPORATED 

Transducer 
G oupler 

Sonotrode 
Tip 

Figure 13 

WELDING FIXTURE ON 600-WATT SPOT WEIDER 
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«tD ASSIMBU   (2 RBQ) 

IN-PROCESS CLAMP 

TOP  SPACER   (1   RBQ) 

^ 
CATHODE TAB   ( 2   RBQ) 

CATHODE  SLEEVE   (2  RBQ) 

CATHODE  ASSIMBLY,   (2  RBQ) 

SPACER CATHODE ASSHUBLY 
SUB-ASSEMBLY   (1 RBQ) 

AEROPROJECTS       INCORPORATED 

ANODE-SUPPORT ASSBIBLr   (2 RBQ) 

0    LAVA SPACHR   (8  RBQ) 

HEATER CONNECTOR 
(1  L.H;   1   R.H.   RBQ) 

M SPACER HEATER 
CCKNECTOR ASSBUBLY 
(1  REQ) ^ 

licrrrcM SPACER 

(1 RH3) 

GRID  CONNECTOR   tl   REQ)    "■    .  

GRID   EYELET  {2  RBQ)   '       " Ö-* 

ANODE  SUPPORT  EYELET   (6   REQ)    • ' 

GRID  RADIATOR   fl   REQ)     J-  

ANODE CONNECTOR   (4   REQ) 

Q 
-A    "      GRID CCKNECTOR   (1   REQ) 

"5  »      ANODE CONNECTOR   (1   RH)) 

SNUBBER   SUPPORT   (2  REQ) 

SNUBBER  SUPPORT  (2   REQ) 

SPLASH  SPACER   (1   REQ) 

TOP CATHODE CONNECTOR   ( 2 REQ) 

HEATER   INSULATOR   (2   REQ) 

INSL'LYTOR  HEATER   SUB-ASSEMBLY   (2  RBg) 

COATED   HEATER   (4   REQ) 

HEATER-IIEATKR   INSULATOR 
o        SUB-ASSWBLY  (2 RBQ) 

-*- 12 ■  _\^sajj STEM   (FORMED^    (1   REQ) 

CATHODE  CONNECTOR   (1   REQ) 

CATHODE  CONNECTOR   (1   RBQ) 

SPACER-CATHODE 
CONNECTOR SUB-ASSMBLY 

TUBE TYPE  6080WB 

GETTER   (2 RBQ) 

COIPLETED MOUNT 

tPiJISH SPACER SUPPORT (4   RBQ) 

Figure lh 

TUBE ASSEMBLY SEQUENCE 
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AEROPROJECTS      INCORPORATED 

UPPER TOP 
MICA (1 RBQ) 

LOWER TOP 
MICA (1 RBQ) 

BOITCM MICA 
(1 RBQ) 

PLATE 
(2 REQ) 

GRID 
(2 REQ) 

CATHODE 
(2 RBQ) 

T 
MECHANICAL ASSEMBLY 

^  'i - 

CATHODE TAB (2 RB3) 
(SUPPLIED AT WELDING FRCM SPOOL) 

1 

HEATER CONNECTOR   (1 REQ) 

STB1   (1 REQ) 

til CCMPIETED MOUNT 

HEATER  (2 RBQ) 

GETTER   (1  RBQ) 

TUBE TYPE  5814WB 

Figure 15 

TUBE ASSEMBLY SEQUENCE 
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TOP MICA   (2 RBQ) 

CATHODE   (1  RBQ)      \ 

CATHODB TAB   (2  RBQ)     ^     1 

CATHODE AND TAB ASSEMBLY  (I  RBQ)    \ 

GRID #2   (1  RBQ) 

TOP SHIELD   (1  RBQ) AEROPROJECTS       INCORPOR> 
"I 

' gj   TOP SHIELD AND MICA ASSEMBLY   (1   RBQ) 

GRID #1   (1   RBQ) 

■ 

GRID #3   (1  RBQ) 

PLATE   (1  REQ)   #   »  H 

STEM SHIELD  (1  RBQ) -^3_ 

4 
GRID CONNECTOR 

#2 AND #3   (2  RBQ) 

HEATER (1 RBQ) 

1 > 

BOTTOM SHIELD 
AND MICA ASSEMBLY 
(1 RBQ) 

BOTTOM MICA   (1   RBQ) 

BOTTOM SHIELD   (1  REQ) 

8.1      9 

HEATER  CONNECTOR   (2  RBQ) 

GETTER   (I RBQ)0 
10 i ii 

TUBE TYPE  6205 

Figure 16 

TUBE ASSEMBLY SEQUENCE 
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AEROPROJECTS    INCORPORATED 

Table 2 

MINIMIM-SIZE WIRE PURCHASED 

0.0003       0o0005      0.0008       0.001 0.001? 0.003 0.005 
inch          inch          inch          inch inch inch inch 

Gold X 

Tungsten X 

Silver X 

Copper X 

"A'» Nickel X 

Molybdenum X 

Stainless Steel X 

Titanium X 

Mild Steel X 

Tantalum X 

Rhenium X 

29 



AEROPROJECTS    INCORPORATED 

Table 3 

PARENT-METAL STRENGTHS OF WIRES 

Material 
Gage 

(inch) 

0.0005 

Testing Fixture 
Figure Number Actual UTS* 

Copper 7 6.15 gms 

Nickel 0.0005 7 6,3 gms 

Titanium 0.001 7 52o5 gms 

Tungsten 0.0003 7 16.3 gms 

Mild Steel 0.0015 8 0.26 lbs 

302 S Steel 0.001 8 0.333 lbs 

Tantalum 0.003 8 0.U8 lbs 

Copper 

• 

0.06U 9 llU lbs 

Nickel 0.060 9 159 lbs 

Tantalum 0.062 9 1U5 lbs 

Titanium 0.063 9 256 lbs 

Silver 0,060 9 76 lbs 

Gold 0.060 9 53 lbs 

* Average of Three Specimens 

30 
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Table 7 

WEI-D FAILURES* IN MANUFACTURING TUBE TYPE 608CWB 

Total Open 
No» Filament-Heater Open Percent 

Mfg. Connection Welds      Totals        Total 

131 - 3 3 2.3 

533' 8 10 18 3.k 

2h2 2 8 10 U.l 

1116 19 56 75 6.7 

2023 29 77 106 5.2 

* Test Reports on Finished Tubes During a it-Week 
Period 

3W*Ä 
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IDENTIFICATION OF TECHNICAL PERSONNEL 

Personnel working on the problem who made technical contributions^ 
and the manhours of work performed by each during this report period. 

J» Byron Jones^ President and Director of Research 

B. S. in Mechanical Engineering from New York University, 1932, His 
background and experience include several years as instructor in aeronautical 
engineering; 2-1/2 years in a responsible machine development capacity di- 
recting and coordinating various phases of manufacturing improvementj 6 years 
with Goodyear Aircraft Corooratlon, Akron, Ohio, serving in a technical di- 
rective capacity over about 100 scientific, clerical, and shop personnel, 
and suoervising such activities as the design, development, and testing of 
aircraft and missiles, as well as aerodynamic, electronic, and physics re- 
searchj carried out extensive research in the application of ultrasonics, 
including nondestructive testing. Was subsequently anpointed Manager of 
Goodyear's Aerophysics Departments and directed the efforts of up to 125) 
scientific employees in connection with Air Force and Navy missile projects. 

Mr« Jones was responsible for establishing Aeroprojeets in 191(8, and he 
personally directs the research programs undertaken by this company. Much 
of our progress in the application of ultrasonic energy at high power levels 
is the result of the development of special transducer-couplings. During the 
past 13 years Mr, Jones has been directly connected with the activities in 
this unique field of engineering, and his experiences and ingenuity have con- 
tributed considerably to the development of high-nowered ultrasonic trans- 
ducer-couplings. 

He is a member of the American Welding Society, the Acoustical Society 
of America, the Institute of Aeronautical Sciences, and the Franklin Insti- 
tute. Within the past several years, a number of articles on various ultra- 
sonic applications have appeared in the literature under Mr, Jones' author- 
ship, and he has presented invited papers on ultrasonic welding and its ap- 
plications for a number of scientific organizations, Mr, Jones is chairman 
of the AWS Welding Handbook Subcommittee on Ultrasonic Welding. 

William N. Rosenberg^ Mechanical Engineer 

B, S. in Mechanical Engineering from Drexel Institute of Technology, 
19h9'    Mr. Rosenberg has had more than 10 .years' experience in the design 
and development of industrial machinery. From 19?$ to 19^9 he served as 
Chief Engineer in the Automatic Machinery Division of the Selas Corporation 
of America, In that post he supervised the design of custom-built heat- 
processing equipment, and worked closely with the Sales Department in the 
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preparation of complex proposals and in customer contact on all phases of 
the various projects. For h  years he was engaged as Mechanical Development 
Engineer for the International Resistance Company, where he was responsible 
for the development of automatic machinery to be used in the high-speed 
production of electrical resistors and resistor components of all types. 
This work included supervision of draftsmen, technicians, and shop men. He 
was employed for 2 years by Sharp & Dohme, Inc., in the design of special 
machinery for the manufacture and packaging of pharmaceuticals and bio- 
logical s« 

Mr. Rosenberg participated on the American Society for Metals Committee 
concerned with preparation of the "Furnace Parts and Fixtures" section for 
the 19?9 edition of the Metals Handbook. 

At AeroprojectSj Mr, Rosenberg was responsible for Supervision of the 
Ultrasonic Welding Laboratory, and more recently has undertaken a field 
study of ultrasonic welding equipment presently in industrial use. The 
results of this study will significantly affect the direction of future 
development in ultrasonic welding equipment« 

Josef Koziarski^ Ultrasonic Welding Laboratory Director 

Degree in Aeronautical Engineering from Ecole National Superieure 
d8Aeronautique;, Paris., France, 1930, with graduate studies in metallurgy, 
corrosion, welding, fatigue, helicopter aerodynamics, and ultrasonic in- 
spection methods.  In addition, he has attended and graduated from various 
military schools and staff colleges in Poland and England, as well as the 
TJnited States Command and General Staff School at Fort Leavenworth, Kansas. 

During his early years, Mr, Koziarski was associated with the Polish 
Air Force's Technical Training Center and spent 3 years directing general 
and technological education at the Air Force Technical College in Warsaw. 
He also worked with the Cracow Academy of Mines and the Polish Committees 
on Corrosion and Standards, During World War II, he escaped with the Polish 
Aii» Force to France and later to England, and after the war was associated 
for 2 years with the British Welding Research Association« He came to the 
united States in 19lt8, and for 10 years was associated with Piasecki Heli- 
copter Corporation,, later Vertol Aircraft Corporation,, where he was respon- 
sible for various development activities in welding design and ultrasonic 
inspection« He subsequently spent 3 years with the Martin Company, Denvers 
Colorado, engaged in various research and development activities associated 
with welding, corrosion, and metallurgy. While there, he developed special 
techniques for utilizing ultrasonic welding in the fabrication of components 
for the SNAP-1A« 

In 1957, Mr» Koziarski received Gold and Silver Awards from the Steel 
Founder's Association of America for the development of special metal 
castings» In I960 he was given a citation by Materials in Design Engi° 
neering a variety of papers in the United States,, "Ünited~Kingdom, Poland, 
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and Sweden., on welding, ultrasonic inspections and military science. He is 
a member of the Royal Aeronautical Society, the Institute of Welding of the 
United Kingdom, the American Welding Society, and the American Society for 
Metals, 

Mr« Koziarski Joined Aeroprojects in 196l as Director of our Ultrasonic 
Welding Laboratory, where his duties include the development of techniques 
for ultrasonic joining of new material combinations and geometrieso 

B, S, in Metallurgical Engineering from Towne Scientific School of 
the University of Pennsylvania, 1952, and currently working toward an ad= 
vanced degree in Metallurgical Engineering. While an undergraduate student 
at the University, Mr. Thomas was associated with the Frankford Arsenal in 
Philadelphia, engaged in research projects which included stress-strain 
relationships of alloy steels subjected to compression, the determination 
of crystal structure of tin-selenium compoundSj and the identification of 
phases in iodide-process zirconium. 

Mr. Thomas is in charge of the Metallurgical Laboratory at Aeroprojects 
ands since joining the companjr in 1952, has carried out research on a number 
of phases of the anplication of ultrasonics to metallurgy» He has gained 
extensive experience in ultrasonic metal-treatment techniques applied to 
exotic metals such as thorium, titanium, palladium, niobium, tantalum, and 
molybdenum. He has been involved with the development of ultrasonic welding 
of pure crystal materials such as germanium and silicon, as well as the de= 
velopment of equipment for ultrasonic treatment of powdered metal compacts. 
He is in charge of Aeroprojects' work on radiography, electron micrography, 
and the use of radioactive tracers. 

Mr» Thomas is a member of the American Society for Metals and the 
American Institute for Mining, Metallurgical, and Petroleum Engineers. 

Alfred L. EH£llS^Jle£iSILJriSiSSS£ 

,Aeronautical Engineering studies at the Academy of Aeronautics^ 
La Guardia Field, New York, 19W• He has been employed in the engineering 
design field for the past 9 years. He was a Junior Design Engineer at the 
Goodyear Aircraft Corporation for 1-1/2 years, specializing in airship 
power plant and equipment installation. For 2 years he served as a Design 
Engineer and Group Checker at the Piasecki Helicopter Corporation^ Mortonj, 
Pennsylvania^, which included work on all design phases of the H7P and H-21 
helicopters. 

During the past 8 years, Mr« Fuchs has been employed at Aeroprojects 
as Design Engineer, concerned with the design of laboratory and pilot-plant 
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equlDment for the  company's devc-lopniont  Drograms> as well as with the design 
of conmercial ultrasonic metal-joining equipment.    His responsibilities in- 
clude fsbrlcation liaison with Aeroprojects experimental machine shops* 

Cdrinlne F. DePrl?co>  Chief Klectronica Engineer 

His education was  in Electrical Engineering at Drexel Institute of 
Technology,  with subsequent soecial RCA Courses in Radio, Television, and 
Radar Design and Engineering,    Mr. DePrisco has been engaged in electrical 
and electronic  activities for about 30 years and has kept abreast of the 
growing technology in the field.    During World War II, he spent U years 
with RCA Victor in Camden, New Jersey,  supervising the development and 
test of military aircraft electronics equipment;  later experience includes 
U years at tha  University of Pennsylvania in the design and development of 
electronic control and measuring equinment,  and one additional year with 
RCA Victor. 

Since joining Aeroprojects in 1951»  Mr» DePrisco has been responsible 
for the dsvelopmsnt and test of electronic ultrasonic equipment,  as well 
as electronic  control  and  neasuring devices,   for Aeroprojects*  research 
programs.    Ba  has played a leading role  in the design,   development,  fabri- 
cation and test of ultrasonic transdicer-couplings for a wide variety of 
applications«  partieularly for ultrasonic welding, and is co-inventor on 
a nuinber of  oatented aoDarat.iu'es.    He has  been resnonsible  for the  develop- 
ment of new,  highly reliable ultrasonic  ?enerating ecuipment of the elec- 
tronic  and motor-generator tyoes  and recently of the very new solid-state 
tyre of generator.    His ingenuity has also been demonstrated in the design 
arid asaembly of  snecif ir;-puroose electronic measuring and testing devices 
for ase over the whole  soectnai of Asroprojects*   research activities, 
"'r.  DePrisco is a member of tha Institute of Radio Engineers and the 
Frank!in Institute. 

George C, Sekula   -   Junior Engineer 

B. S.  in Civil Engineering, Villanova üniverslty.   School of Engineering, 
1959.    For ono  year immediately following graduation,  and during under- 
graduata yaars, Mr. Sekula worked in the construction field,  specializing 
in design anginaering«    Prior to joining the staff of Aeroprojects, he 
served for two years aa a technical  editor with the Chilton Company, 
Philidolphia,  Pennsylvania, publishers of a groun of internationally recog- 
nized technical trade  journals.    He acted as Technical Associate Editor 
for sach publications as The  Iron Age,  The National Metalworking Weekly, 
and Iron Age Ketalworking International. 
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TECHNICAL PERSONNEL 
Chatham Electronics 
Livingston^ N. J, 

B.  F,  Steiger,  Director of Electron Tube Engineering 

E,    E. Cornell University 1926| 'lore than 30 years experience in the 
electronic field j particiDating in the development of ultraviolet lamps | 
vacuum tubes,  deposition of screen phosphors and projection type cathode 
ray tubesj modulation tubes;  and mercury rectifiers.    In charge of develop- 
ment and design of special purpose and ruggedized tubes for military appli- 
cation0 

N.  Helmstetter,  Senior Methods Engineer 

Catholic University of America - B„E,E<.    Seton Hall University and 
Newark College  of Engineering on post  graduate work in Mathematics.    Spent' 
six years as a Methods Engineer and Cost Analysist,  and four years on 
electro-mechanical design in the  radio tube industry. 

_TECIT_KIC AL KAK-HOURS 

EXPENDED DURING THIS REPORT PERIOD 

HOURS EXPENDED 
NAME PROJECT POSITION THIS REPORT PERIOD 

w. N. Rosenberg Project Supervisor 123 

J. Byron Jones Consultant 19 

J. Kbziarski Director Welding Lab 53 

J. G. Thomas Metallurgist 55-1/2 

Q. Sekula Junior Engineer 16 

A. L. Fuchs Chief Design Engineer 25-1/2 

C. DePrisco Chief Electronics 1-1/2 
Engineer 
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